CODING FORMS FOR SRC INDEXING

Microfiche

OTS0557274

New Doc ID

86940000864

Date Date TSCA
Produced Received Section

02/10/94 05/27/94 8D

m

Submitting
Organization

INTL, ISOCYANATE INST INC

Contractor

CHEM INSPECTION & TESTING INST

Document Title

FINAL REPORT: STUDY ON THE FATE OF POLYMERIC METHANE
DIISOCYANATE (MDI) IN WATER WITH COVER LETTER DATED 05/24/94

Chemical Categor
__l ical 2gory

POLYMERIC METHANE DITISOCYANATE (9016-87-9)







INTERNATIONAL ISOCYANATE INSTITUTE, INC.
119 CHERRY HILL ROAD
PARSIPPANY, NEW JERSEY 07054
TELEPHONE: (201) 263-7517
FAX: (201) 263-8739

May 24, 1994

,
(e]

au

(3A1393Y

SENT BY CERTIFIED MAIL

8 WY LZAVHHY
uit-\j

et

TSCA Document Processing Center (TS-790)
Office of Pollution Prevention & Toxics
Envirconmental Protection Agency

401 M Street, SW; 201 East Tower
Washington, D.C. 20460

20

Attn: 8(D) HEALTH & SAFETY STUDY REPORTING RULE
(REPORTING)

Dear Sir cr Madam:

As required by 40 CFR 716, as amended, we herewith submit a copy of the
following recently comnleted health and safety study.

Fate of Polymeric MDI in Water, Part II, Project FE-E-74

Chemical Name CAS Number

MDI monomer 2,4' isome. 05873-54-1
MDI monomer 4,4' isomer 00101-68-8
MDI monomer 2,2' isomer 02563-05-2
MDI isomer Mixture 26447-40-5
Polymeric MDI 09016-87-9
4,4" MDA 00101-77-9

The International Isocyanate Institute (II1) reference number 11122 has
been marked at the top of the title page of this report. Pleas: refer to
this III identification number in any communication regarding this study.
The enclosed report does not contain any Confidential Business Information.

The study 1is sponsored by the International Isocyanate Institute on
behalf of the following:

The Dow Chemical Company

Seatpo00 §ov i
W werteos e, Comdaing No CBI

Olin Corporation
""ﬂﬂ"'ﬂ Very truly yours,
86940000064 ,f
\V \\\\

R. K. Rrgger
Managing Dlxeanr

RKR/sha
Enclosure




Final Report
Study on the fate of polymeric MDI in water

FE-E-74 Part II

February 10, 1994

Yoshikuri Yakabe, Emiko Mori and Hiroshi Tadokoro

Kurume Research Laboratories

Chemical Biotesting Center

Chemicals Inspection & Testing Institute, Japan




Abstract

.Introduction

Content

Materials and methods

2.1 Materials
2.2 Methods

Zowidinil
222

3. Results

Vigorous stirring experiment

Static experiment

3.1 Vigorous stirring experiment
Fu Lol

3o Ln'd

Kinetics of polymeric MDI disappearance
Production of 4,4'-MDA and other
water-soluble reaction products
Production of water-insoluble

reaction products

experiment

Kinetics of polymeric MDI disappearance
Production of 4,4'-MDA and other
water-soluble reaction products
Production of water-insoluble

reaction products




Abstract

The fate of polymeric MDI in water was studied under two

conditions, vigorous stirring and static conditions, wnhich simu-

late two scenarios of accidental spill of polymeric MDI into
aquatic environment. The kinetics of the disappeurance of poly-
meric MDI and the production of water-soluble and water-insoluble
reaction products were examined for each experiment and the

following results were obtained:

(1) Vigorous stirring experiment
The experiment was carried out with varying nominal concen-
tration of polymeric MDI, temperature, salinity and agitation

method of test solution.

- Kinetics of disappearance of polymeric MDI

Polymeric MDI disappeared linearly with time under all
conditions, indicating that the disappearance of polymeric MDI is
expressed by zero-order kinetic model. The disappearance rate
data for each of five or six constituents of polymeric MDI,
whose number of aromatic ring ranged from two to four, were
fitted to zero-order Kinetic model and the zero-order rate con-
stant and the half-life time of the disappearance were determined
by least squares method as a function of nominal concentration
of polymeric MDI and temperature, salinity and agitation method
of the test soclution. The rate constant increased approximately
linearly with nominal concentration of polymeric MDI for all
constituents and it was smaller with the constituent having more
number of aromatic ring, but half-life time was independent on
the nominal concentration and the kind of constituent. Centle
agitation, high salinity and low temperature of the test solu-
tion lowered the disappearance rate. Especially the temperature

of the test solution significantly affected the rate: the half-




life time at 25°C was less than one quarter of the value at 12°C.

- Production of water-soluble reaction products

4,4'-MDA increased gradually with time and reached to
nearly constant concentration after 16th-hour, at which over 60%
of initial polymeric MDI remained intact. Final amount of 4,4'-
MDA produced increased slightly with nominal concentration of
polymeric MDI and consequently the proportion of polymeric MDI
transformed to 4,4'-MDA against total amount of polymeric MDI
added decreased rapidly with the nominal concentration. The
proportion was less than 0.5% at the nominal concentration of
400mg/1 or above (Figure 20). The water-soluble reaction products
other than 4,4'-MDA were not observed with both UV spectrum and
HPLC.

- Water-insoluble reaction products

Water-inscluble reaction products was not completely soluble
in toluene and DMF. The fraction of the reaction products insolu-
ble in both solvents increased with test duration. Orly 6.6% of
final water-insoluble reaction products were dissolved in DMF

containing 1C mM of LiCl (Table 4).

Consequently, it was concluded that over 92.9% of polymeric
MDI was finally transformed in vigorous stirring experiment to

the polyurea insoluble in water and usual organic solvent.

(2) Static experiment
The kinetics of the disappearance of polymeric MDI and the
productions of water-soluble and water-insoluble reaction

products were measured wunder three interfacial area between

polymeric MDI and water phases (5.72, 13.2 and 18.1 cmzl.




- Kinetics of disappearance of polymeric MDI
Polymeric MDI also disappeared by zero-order kinetics

except the experiment of the interfacial area of 5.72 cmz, in

which polymeric MDI disappeared by zero-order kinetics until 10
days, but the disappearance rate largely slowed down thereafter.
The zero-order rate constant increased and the half-life time de-
creased with the interfacial area between pblymeric MDI and water

phases.

- Water-soluble reaction products

The prcduction of 4,4'-MDA gradually increased and reached
to the constant value with the disappearance of polymeric MDI.
The final amount of 4,4'-MDA produced was about 0.6mg/l (Figure
30), which corresponded to less than 0.005% of the initial amount
of polymeric MDI added, and it was independent on the interfacial
area. The water-soluble reaction products other than 4,4'-MDA
were observed with UV spectrum and HPLC, but the structure was

not identified because of small amount.

- Water-insoluble reaction products

The solubility of the water-insoluble reaction products to
toluene and DMF lowered with time. After 4 weeks in the experi-
ments of 18.1 cm? interfacial area, 99.3% of the products were
insoluble to both water and usual organic solvents and only 0.7%

of it was soluble to DMF containing 10mM of LiCl (Table 4).

Consequently, it is concluded that polymeric MDI was trans-
formed to water-soluble substance at less than 0.04% of polymeric
MDI added and the remaining polymeric MDI was transformed to the
substance insoluble to toluene. Only 0.7% of the tolune-insoluble
reaction products was dissolved in DMF containing LiCl and 99.7%
of it is insoluble in both water and usual organic solvent in-

cluding DMF-LiCl.




Introduction

Since isocyanate compound easily react with water to produce
the corresponding amine, which reacts with other isocyanate
compounds and is transformed to urea compound, it is indispens-
able in assessment of the ecotoxicologycal effect of the isocyan-
ate compound to elucidate the fate in water.

In FE-E-63 project, we studied the fate of TDI in water
under two conditions, vigorous stirring and static conditions,
which simulate two scenarios of accidental spill of TDI into
aquatic environment in order to elucidate the fate of TDI in
aquatic environment and to explore the origin component for the
toxicity to aquatic organisms in successive ecotoxicity test of
TDI in FE-66 project.

Polymeric MDI is another raw meterial of polyurethane that
is produced in large scale and it is important to clarify the
fate in water for assessing the effect of polymeric MDI on the
aquatic environment. In part I of FE-74 project, the analytical
method of polymeric MDI and the agitation method suitable for
vigorous stirring experiment of polymeric MDI were examined using
monomeric polymeric MDI as a test substance. On the basis o.
these results, in this study (FE-74 Part I1I) the fate of polymer-
ic MDI in water was investigated prior to the toxicity test.

The experiment was conducted under two conditions, vigorous
stirring and static conditions, in a simiiar procedure as TDI.
The time courses of the disappearance of polymeric MDI and the
production of water-soluble reaction products including 4,4'-MDA

and water-insoluble ones were measured with varying the nominal

~concentration of polymeric MDI and the temperature, the selinity

and the agitation nethod of the test solution for the vigorous
stirring experiment and with varylng the interfacial area between
water and polymeric MDI phases f.r static experiment. The data

were interpreted from the kinetic point of view.




2. Materials and methods

Materials

Test substance

Millionate MR-200 of Nippon Polyurethane Industry Co., Ltd.

used for a test substance. The properties of this substance
as follows:

Content of NCO 31.1 wt¥

Acidity as HCL 0.01 wt%

Viscosity 172 cP/25°C

Specific gravity 1.236

The composition of the test substance was determined as fol-
lows: One ml of 5 wt% solution of the test substance in toluene
was mixed with equal volume of 6 wt% solution of dibutylamine
(DBA) in toluene and was allowed to stand for several minutes.
The solution was diluted with acetonitril and analyzed with HPLC
under the following condition:

Apparatus :Shimadzu LC-6A

Column :L-column ODS (4.6 mmID x 150 cmL)
Eluent tAcetonitril

Flow rate :1 ml/min

Detection :250 nm

Range :0.01 AUFS

Inj. volume:10 ul

Typical chromatogram is shown in Figure 1. More than ten
peaks were separated, in which six peaks with enough peak areas
were selected for the study of the disappearance kinetics of
polymeric MDI. The content of each constituent in the substance
was determined from the ratio of the peak area. The result is

shown in Table 1.




Figure 1. Typical chromatogram of dibutylamine derivative of

polvmeric MDI used in this study.




Table 1 Composition of polymeric MDI used in this study

Number of aromatic ring Percent peak area

in constituent (%)

54.5

32.4
1:97
3.46
2.62
1.37
3.2
0.5

(2) Water and artificial sea water

Distilled water purified by ion-exchange (Purified water

frim Takasugi Seiyaku Co., Ltd..) was used in all experiments.
The artificial sea water was prepared by dissolved the following

inorganic salts in water.

Constituents Concentration (mg/1l)

NaF
SrCl,6H,0
H4BO3

KBr

KC1
CaCl,2H,0
Na,S04




MgCl,6H,0
nacCl
Na,51049H,0
Na4EDLA
NaHC03

(3) Reagents
All the reagents used in this study were of guaranteed

reagent grade and used as received.

2.2 Methods

2.2.1 vigorous stirring experiment

(1) Disappearance of polymeric MDI and production of 4,4'-MDA and
other reaction products

20mg, 50mg or 500mg of polymeric MDI was applied to inner
side wall of 100 ml Erlenmeyer flask and 50 ml of water or arti-

ficial sea water was poured into it. 7The test substance was

applied to inner wall of the flask in order to prevent adhesion
of MDI to the stirrer bar during the test, which stops stirring
of the test solution. The solution was stirred at 1500 + 500 rpm

with magnetic stirrer and Teflon stirrer bar (8mm diameter, 40mm
length) or was shaken at 200rpm with a rotary shaker (TAITEC
Double Shaker NR-3) at 25°C or 12°C. At appropriate intervals,
the residual amount of polymeric MDI, the concentrations of
dissolved orgeaic carbon (DOC), 4,4'-MDA and the toluene-insolu-

ble reaction products were determined as follows:




lTest solutioni

I

One mll ‘Re;iduel

Centrifuge at +~DBA/toluene* 50ml

3000rpm/S min Shake for 10 min
l§9pernatant[ Allow to stand

i
| Toluene extract| [Residue]

Take out 1 ml Dissolve

| DoC analysié] Evaporate solvent in LiCl/DMF
Di 1nte with

: L Rk
acetonitril

{IMDA analysis | Analysis of Analysis of toluene-
residual MDI insluble products

Figure 2. Flow scheme of the analyses of residual polymeric MDI
and the reaction products in vigorous stirring experiment.
tration of dibutylamine: 480mg/l. 1200mg/l and 1.2¢/1 for the nominal cancen-
tration of polymeric MD! of 400mg/l., 1000mg/]l and 10000mg/l, respectively,.
*® rinal volume: 46l, 10ml and 100ml for the nominal concentration of polymeric MDIl of

4002g/1, 1000wg/l and 1Q000mg/l. respectively.

DOC was measured with TOC analyzer and polymeric MDI and

4,4'-MDA were determined with HPLC under following conditions:

Analytical conditions

- Analysis of DOC
Apparatus : Shimadzu Total organic carbon analyzer
TOC-500

Furnace temp.: 680°C




Flow rate : 150ml/1
Inj. volume : 10 ul
Sensitivity : Range 3

- Analysis of polymeric MDI and 4,4'-MDA

Apparatus : Shimadau LC-6A
Column : L-column ODS (4.6 mmID x 150 cmL)

Eluent : Acetonitril for polymeric MDI
Acetonitril /water=3/2(v/v) for 4,4'-MDA

Flow rate : 1 ml/l

Detection : 250 nm

Range : 0.01 AUFS

Inj. volume: 10 ul

- Analysis of Toluene-insoluble reaction products
Apparatus : Shimadzu LC-4A
Column : Shodex AD 80M (8 mmID x 300 cmL)
Eluent : DMF containing 10 mM LiCl
Flow rate : 1 ml/1l
Detection : 292 nm
Range : 0.08 AUFS
Inj. volume: 10 ul

Temperature: 40°C

The recovery test of polymeric MDI was carried out in dupli-
cates for 50 mg of polymeric MDI. The average recoveries for «ix
peaks were nearly 100% except Cl peak (Table 2) and therefore the
recoveries did not be corrected in calculating the residual
amounts of polymeric MDI.

In order to examine the disappearance of polymeric MDI and
.he production of 4,4'-MDA at lower nominal concentration of
polymeric MDI, 100ul and 500ul of 1% solution of polymeric MDI in
DMSO was added to 50ml of water with stirring and the time




course of the disappearance of polymeric MDI and the production

of 4,4'-MDA were measured by the same method.

Table 2. The recoveries for six peaks of polymeric MDI

from water in vigorous stirring experiment

Recoveries(%)
2 Average

99. 100.
100.
93. 93.
102
98. 99.
102.

(2) Analysis of final water-soluble reacticon products

At the end of the experiment in which 50mg of polymeric MDI
was stirred in 5S0Oml of water at 1500rpm with magnetic stirrer at
25°C, the aliquot of the solution was centrifuged at 3000rpm and
the uv spectrum of the supernatant was measured in order to
detect the water-soluble reaction products other than 4,4'-MDA.
Also the solution was analyzed with ODS column under varied

eluents to survey the water-soluble reaction products.

(3) Analysis of final water-insoluble reaction products

The properties of final water-insoluble reaction products

were examined as follows: 50mg of polymeric MDI was put in each

of ten Erlenmeyer flasks, which were divided in two groups con-




sisting of five flasks, and 50ml of water was poured into it and
stirred for 2 weeks. 50ml of toluene was added to each flask and
shaken for 10 minutes. After the solution was allowed to stand to
separate water and toluene layers, the solution was filtered with
a filter paper. All five solutions belonging to the same group
were filtered with the same filter paper. The residue dn the
filter paper was air-dried at 50°C for 2 hoﬁrs, dried in desicca-
tor overnight and was ground. 0.l1lg of it was added to 10ml of DMF
containing 10mM of LiCl and was shaken to extract the substance
soluble in the solvent. The extract was centrifuged at 3000rpm
for 10 minutes and was analyzed with HPLC under the same condi-
tion as 2.2.1 (1). The amount of the substance soluble in the
solvent was determined on the basis of the peak area of the

standard solution of DBA derivative of polymneric MDI.

(4) Analysis of the disappearance Kinetics of polymeric MDI

The percent residue for each constituents of polymeric MDI
were fitted to the following zero-order reaction kinetic equa-
tion and the slope were determined by the linear least squares

method;

R=Rg-8*t equation 1
where R = percent residue, RO = constant, S = slope and t = time.
The rate constant, k, and half-life time, t1/2' for each constit-

uent was calculated from the following equation;

k = S * (amount of each constituent added)/100
equation 2

tl/2 = RO/{Z * 5) equation 3




2.2.2 Static experiment

(1) Disappearance of polymeric MDI and production of 4,4'-MDA and
other reaction products

5g of polymeric MDI in 10ml, 50ml or 100ml beaker (27mm¢ x
50mm height, 4lmm¢ x 60mm height and 48mmg xI67mm height, respec-
tively) were placed on the bottom of 300ml tall beaker (60mm¢ x
130mm height) containing 300ml of water and were allowed to stand
in water bath thermostated at 25°C. At appropriate intervals, the
inner beaker was taken out from the tall beaker and the concen-
trations of DOC and 4,4'-MDA in water, the amount of the residu-
al polymeric MDI and toluene-insoluble reaction products were

analyzed as follows;

ngst solutid;q

Itake out inner beaker containing MDI

[Water phase] [MDI phase|

[onie mi f ‘ {Residue]

Centrifuge at Filtrate
3000rpm/10min Filtrate Residue

[Supernatantl LMDI + suspended substance]

<=DBA 30g/1 toluene 200ml

React
[DOC analysis | |Allow to stand

|Toldene extractl

Dilute to 250ml Dissolve in
IMDA analysis | withdraw the aliquot 10ml LiCl/DMF
Dilute by acetonitril

(hnalysis of Analysis of toluene-

residual MDI inscluble products

Figure 3. Flow scheme of the analyses of residual polymeric MDI

and the reaction products in static experiment.




The interfacial area between water and polymeric MDI phases
were 5.72cm2, 13.2cm2 and 18.1cm2 for the experiments using 10ml,
50ml and 100ml beakers, respectively.

The analytical conditions for DOC, 4,4'-MDA, polymeric MDI
and toluene-insoluble reaction products were the same as vigorous
stirring experiment. Recoveries were nearly 100% for all constit-
uents of polymeric MDI (Table 3) and was not taken into account

in calculation of residual amount of polymeric MDI.

Table 3. The recoveries for main six peaks of polymeric MDI

from water in static experiment

Recoveries(%)

101,
98.
98.
97.

(2) Analysis of final water-soluble reaction products

At the end of the experiment of 18.1 cm? interfacial area
(at l4th-day of the test), about 10 ml of the water pahse was

withdrawn, centrifuged at 3000 rpm and its uv spectrum was meas-
ured in order to explore the water-soluble reaction products
other than 4,4'-MDA. The solution also was analyzed with HPLC

under varied eluents.




(3) Pnalysis of final water-insoluble reaction products

The properties of final water-insoluble reaction products
w:s examined as follows: 5g of polymeric MDI was put in each of
two 100ml of beakers and submerged in 300ml tall beaker contain-
ing 300ml of water and allowed to stand at 25°C for 4 weeks. The
inner beaker containing polymeric MDI was taken out and the water
was filtered to collect the suspended substance with filter
paper. The residue on the filter paper was combined with polymer-
ic MDI in +...e beaker and was added to 200ml of toluene. After
being shaken for 10 minutes, the toluene was filtered with filter
paper. The residue on the filter paper was air-dried at about
50°C for 2 hours, dried in desiccator overnight and was ground.
0.1g of it was added to 10ml of DMF containing 10mM of LiCl and
was shaken to extract the substance soluble in this solvent. The
extract was centrifuged at 3000rpm for 10 minutes and was ana-
lyzed with HPLC under the same condition as 2.2.1 (1). The
amount of the substance soluble in the solvent was determined on
the basis of the peak area of the standard solution of DBA

derivative of polymeric MDI.

(4) Analysis of the disappearance kinetics of polymeric MDI

The percent residue of each constituent of polymeric MDI was
analyzed by zero-order reaction kinetic model and the rate
constant and half-life time for each constituent of polymeric MDI
were determined by the same method as vigorous stirring experi-

ment.
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3. Results

3.1 Vigorous stirring experiment

3.1.1 Kinetics of polymeric MDI disarpearance

Polymeric MDI was applied on inner side wall of 100ml erlen-

meyer flask in order to prevent stopping-of stirring during test
period by adhering polymeric MDI to the stirrer bar. Polymeric
MDI changed from dark brownish liquid to pale yellow solid with
time and the majority of polymeric MDI was taken off from the
wall.

Figure 4 shows the variation in chromatogram of DBA deriva-
tive of residual substance together with that of standard solu-
tion. All peaks of polymeric MDI diminished simultaneously with
time without changing the elution pattern. Several peaks of
transient intermediates were observed between the peaks A and B,
between the peaks B and Cl, near the peak C4 and so on. The peak
near the peak C4 could not be separated completely from the peak
C4 and therefore the residual amount of the peak C4 could not be
determined in most experiments.

Figure 5 to 7 show time courses of percent residues of five
or six constituents of polymeric MDI under three nominal concen-
trations of polymeric MDI. The data were applied to two kinetic
models, zero-order and first-order kinetic models, but they weare
more fitted to zerco-order kinetic model than first-order one.
The straight lines in these figures show the ‘egression curves
determined by least squares method for zero-order kinetic models.
Figure 8 shows the slope of the regression curve as a a function
of the kind of the constituent of polymeric MDI and the nominal
concentration of polymeric MDI. The slopes were little dependent
on the nominal concentration of polymeric MDI with all constitu-

ents.




The zero-order rate constant and half-life time of the
disappearance of each constituent of polymeric MDI was calculat-
ed from the slope by equations 2 and 3, respectively. Figure 9
and 10 show the variation in rate constant and half-life time
with the nominal concentration of polymeric MDI and with the
kind of the constituent of polymeric MDI, respectively. The rate

constant increased in proportion to the nominal concentration of

polymeric MDI and to the content of the constituent, while half-

life time was independent on the kind of the constituent and the
nominal concentration of polymeric MDI.

In order to examine the disappearance kinetics of polymeric
MDI at lower level of polymeric MDI added, polymeric MDI was
added to water with stirring in DMSO solution at the nominal
concentration of 20mg/l and 100mg/l. More than 50% of initial
polymeric MDI disappeared within 2 hours in both experiments
(Figure 11).

The kinetics of the disappearance of polymeric MDI is
thought to be affected by a wide variety of the conditions 1in
natural environment. Among these conditions, the agitation
method, temperature and salinity of test solution are important
because the reactivity of polymeric MDI with water depends on
these factors. Hence the experiments were conducted with varying
in the temperature, the salinity and the agitation method of the
test solution at the nominal concentration of 1000mg/l. Figure 12
to 14 show the residual curves for five constituents of polymeric
MDI under three conditions varying in these parameters. All data
were also fitted to zero-order kinetic model. Figure 15 shows the
comparison of the variation in the rate constant and half-life
time with the kind of the constituent for four experiments. The
dependencies of both values on the kind of the constituent of
polymeric MDI were nearly identical with four conditions. Figure
16 shows the comparison of rate constants and half-life times for

five constituents under four conditions. The salinity of test




solution affected little the discppearance kinetics, but gentle
agitation and low temperature of the test solution lowered the
disappearance rate of all constituents. Especially the effect of
temperature was noticeable and the disappearance rate at 12°C was

about one fourth of that at 25°C.
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Figure 4. Variation i- . omatogram of DBA derivative of residual
substance in vigorous stirring experiment of polymeric MDI.
Test conditions: Nominal conceytration; 1000mg/l1, Stirring speed:

1500rpm, Temperature; 25°C.
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Figure 5. Residual curves of five constituents of polymeric MDI

in vigorous stirring experiment. The straight line indicate
linear regression curves to zero-order reaction equation.

Test conditions: Nominal concentration; 400mg/l, Stirring speed;

1500rpm, Temperature; 25°C.
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Figure 6. Residual curves of six constituents of polymeric MDI in
vigorous stirring experiment. The straight line indicate linear
regression curves to zero-order reaction equation.

Test conditions: Nominal concentration; 1000mg/l, Stirring speed:

1500rpm, Temperature; 25°C.
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Figure 7. Residual curves of five constituents of polymeric MDI
in vigorous stirring experiment. The straight line indicate
linear regression curves to zero-ovder reaction equation.

Test conditions: Nominal concentration;10000mg/l, Stirring speed;
1500rpm, Temperature; 25°C.
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Figure 4. Comparison of slope of linear regression curve among

five constituents of polymeric MDI (upper) and the relationship

with the nominal concentration of polymeriz MDI (bottom) in
vigorous stirring experiment.

Test conditions: Stirring speed; 1500rpm, Temperature; 25°C.
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Figure 9. Relationships between zero-order disappearance rate
constant (upper), half-life time (bottom) of five constituents of
polymeric MDI and the nominal concentration in vigorous stirring

experiment. Test conditions: Stirring speed; 1500rpm, Tempera-

ture; 25°C.
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Figure 10. Comparisons of zero-order disappearance rate constant
(upper), half-life time (bottom) among five constituents of poly-
meric MDI in vigorous stirring experiment.

Test conditions: Stirring speed; 1500rpm, Temperature; 25°C.

26




Percent residue
n
o
i

n
o
1

residue _

b (s3] [a=] (=]

o o o o
1 L 1

Percent
(3% ]
o
L

_r

residue

Percent
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stirring experiment. Polymeric MDI was added in DMSO
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solution. Test conditions: Nominal concentration; 20mg/l (e) and

100mg/1 (o), Stirring speed; 1500rpm, Temperature; 25°C.
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Figure 12. Residual curves of five constituents of polymeric MDI

in vigorous stirring experiment. The straight line indicate

linear regression curves to zero-order reaction equation.

Test conditions: Nominal concentration; 1000mg/l, Stirring speed;
200rpm, Temperature; 25°C.
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Figure 14. Residual curves of five constituents of polymeric MDI
water. The

in vigorous stirring experiment in artificial sea
straight line indicate linear regression curves to zero-order

reactior equation. Test conditions; Nominal concentration;

1000mg/1l, Stirring speed; 1500rpm, Temperature; 25°C.
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Figure 15. Comparisons of zero-order disappearance rate constant
(upper), half-life time (bottom) among five constituents of

polymeric MDI in vigorous stirring experiment.
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Figure 16. Comparisons of zero-order disappearance rate constant
(upper), half-life time (bottom) of five constituents of polymer-

ic MPI among four conditions in vigorous stirring experiment.
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3.1.2 Production of 4,4'-MDA and other water-soluble reaction

products

Water-soluble reaction products is primary possible origin
chemical for the toxicity to aquatic organism. Polymeric MDI
reacts with water to produce 4,4'-MDA, which reacts with other
polymeric MDI to produce oligoureas. 4,4'-MDA and oligoureas are
thought to be main component of water-soluble reaction products
of polymeric MDI in water. In this study, in order to estimate
the kinetics and extent of the production of water-soluble reac-
tion products, the time courses of 4,4'-MDA and DOC were meas-
ured. Figure 17 shows typical production curves of 4,4'-MDA and
DOC under vigorous stirring condition. Both values were con-
stant within experimental error after 6th-hour until the end of
the experiment. DOC was higher about three times than 4,4'-MDA.
This result suggests the existence of water-soluble reaction
products other than 4,4'-MDA. In order to find the water-soluble
reaction products other than 4,4'-MDA, the test solution was
analysed by spectrophtometry and high performance liquid chroma-
tograhpy, but UV spectrum of the test solution after 92 hours was
nearly the same as that of 4,4'-MDA (Figure 19) and any new peak

attributing to water-soluble reaction products other than 4,4'-

MDA was not observed on ODS column under various elution condi-
tions.

Figure 18 shows time course of 4,4'-MDA production under
three nominal concentration of pnlymeric MDI. The concentration
of 4,4'-MDA was nearly constant after l6th-hour at 1000mg/1
nominal concentraticn of polymeric MDI, while at 10000mg/l nomi-
nal concentration of polymeric MDI, it increased from 6 hour to
22 hour, but it was smaller at 55 hour than at 22 hour. The final
concentration of 4,4'-MDA at each nominal concentration was
calculated by averaging last three values of the production
curve of 4,4'-MDA in Figure 18. Figure 20 shows the relation-




ships between the final concentration of 4,4'-MDA and the nominal
concentration of MDI and btetween the final fraction of MDI trans-
formed to 4,4'-MDA in MDI added and the nominal concentration of
MDI. The final concentracion of 4,4'-MDA slightly increased, but
the final fraction of MDI transformed to 4,4'-MDA decreased with

increasing nominal concentration. Less than 0.5% of MDI added was

transformed to 4,4'-MDA at the nominal concentration of MDI of
400mg/1 or above (Figure 20).

Figure 21 shows the comparisons of the production curves of
4,4'-MDA production and the final concentration of 4,4'-MDA among
four vigorous stirring experiments. The concentration of 4,4'-MDA
reached to the constant values after about 40 hours in all exper-
iments. It can be seen from Figure 21 that the gentle agitation
and the salinity of the t st solution slightly lowered the pro-
duction of 4,4'-MDA, but the temperature of the test solution
seems not to afrect the production of 4,4'-MDA. These results
indicate that the production of 4,4'-MDA is accelerated by in-
creasing the strength of agitation and is depressed by the exist-

ence of salt in test solution.
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Figure 17. Prodluction curves of 4,4'-MDA and DOC in vigorous
stirring experiment. Test conditions: Nominal concentration;

400mg/1l, Stirring speed; 1500rpm, Temperature; 25°C.
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Figure 18. Production curves of 4,4'-MDA in three vigorous stir-

ring experiments. Test conditions: Stirring speed; 1500rpm,

Temperature; 25°C.




Polymeric MDA

Test solution
1.3 mg/1

alfter 92 hrs

I
|
|

Figure 19. Comparison of UV spectra of test solution after 92
hours in vigorous stirring experiment with that of the standard
solution of polymeric MDA and 4,4'-MDA.

Test condition: Nominal concentration; 1000mg/1, Stirring speed;
1500rpm, Temperature; 25°C.
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Figure 20. Relationships between the final concentration of MDA
(upper), the final fraction of MDI transformed to MDA (bottom)
and the nominal concentration of polymeric MDI in vigcrous stir-
ring experiment. The final fraction was calculated by the method
described in the text.
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3.1.3 Production of water-insoluble reaction products

The test substance changed from dark brownish liquid to pale
yellow solid and the proportion of the reaction products insolu-
ble in both water and toluene increased with time. The final
reaction products was not completely soluble in DMF containing
10mM of LiCl. Figure 22 shows the variation in GPC profile of the
water-insoluble reaction products soluble in this solvent togeth-
er with that of DBA derivative of polymeric MDI for reference.
The peak of the products shifted to short retention time with
time, indicating that the reaction products was polymerized to
polyurea of higher molecular weight inscluble to usual organic
solvents such as toluene and DMF.

The proportion of the substance soluble in LiCl-DMF to total
water-insoluble reaction products was determined in duplicates by
HPLC using DBA derivative of polymeric MDI as a standard for the
quantification as shown in 2.2.1(3). The result is shown in Table

4. Average proportion was 6.6%.

It is concluded from the results of 3.1.2 and 3.1.3 that
under vigorous stirring condition at the nominal concentration of
MDI of 400mg/l or above, only less than 0.5% of polymeric MDI
added is finally transformed to 4,4'-MDA (Figure 20), which is
major water-soluble reaction products, and the remaining poly-
meric MDI is transformed to the water-insoluble substance, only
6.6% of which is soluble in LiCl-DMF (Table 4). Therefore more
than 92.9% (= 100 - 0.5 - 6.6) of polymeric MDI added is thought
to be finally transformed to the substance insoluble to water and

usual organic solvent.
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Table 4 Fraction of the substance soluble in LiCl-DMF
to total water-insoluble reaction products r . polymeric MDI

Experimental Fraction (%)
condition 2 ~ Average

Vigorous stirring 8. 5.0
Static

The proportion was determined by the method of 2.2.1(3)
and 2.2.2(3).

3.2 Static experiment

3.2.1 Kinetics of the disappearance of polymeric MDI

Figure 23 shows the variation in the chromatograms of DBA
derivatives of the residual test substance along with that of the
standard solution. All peaks diminished simultaneously with time
similarly to vigorous stirring experiment and the same intermedi-
ate substances were observad.

The experiments were carried out with three interfacial
areas between water and polymeric MDI phases in order to eluci-
date the mechanism of the reaction between polymeric MDI and
water. The residual curves for five constituents of polymeric MDI
under three conditions were shown in Figure 24 to 25. The po2ac-

cent residue for all constituents decreased linearly with time in

the experiments of the interfacial area of 1I 2 crn2 and 18.1 cmz,

while they decreased linearly with time unti. 20 % after 10 days,
its value kept thereafter until 20 days in the experiment of the




interfacial area of 5.72 cm?. The test substance changed in the

appearance from transparent liquid to opaque solid downward from
the interfacial between water and polymeric MDI phases with time.
The change stopped at about half depth in the experiment of the
interfacial area of 5.72 cmz, while it proceeded to the bottom in

other two experiment. These results indicate that water can not

permeate until a fixed depth of polymeric MDI phase from the

interfacial probably because the reaction products repels water.
The slope of the linearly decreased part of the residual
curve was determined by least squares method and the rate con-
stant of zero-order reaction kinetics and half-life time were
calculated by equations 2 and 3. The slopes for five constituents
were nearly identical, and they increased linearly with the
interfacial area (Figure 27). Figure 28 shows the variations of
rate constant and half-life time with the interfacial area and
Figure 29 shows the variations of them with the kind of the
constituent. The rate constant was larger with higher content of
the constituent and it increased linearly with increasing inter-
facial area between water and polymeric MDI phases, while half-
life time decreased linearly with the interfacial area, but it
was not dependent on the kind of the constituent. These results
indicate that the disappearance reaction of polymeric MDI pro-
ceed from the interfacial to the bottom with accompanying permea-

tion of water into polymeric MDI phase through the interfacial.

3.2.2 Production of 4,4'-MDA and other water-soluble reaction

products

Figure 30 shows the production curves of 4,4'-MDA and the
relationship between the final concentration of 4,4'-MDA and the
interfacial area. The same figure for DOC is shown in Figure 31.

The concentration of 4,4'-MDA increased gradually until 7th-day
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and reached to constant value in all experiments. The final
concentration of 4,4'-MDA, which was calculated by averaging
last three values of the production curve of MDA in Figure 30,
was less than one third of that in vigorous stirring experiment
and was almost independent on the interfacial area. DOC was over
4 times larger than 4,4'-MDA, but there was not definite rela-
tionship between the final concentrations‘of 4,4'-MDA and DOC.
The final amount of MDI transformed to MDA was less than 0.005%
of MDI added in all the experiments,*l and total amount of

wat2r-soluble reaction products estimated from DOC value was less
2

than 2 mg which corresponded to 0.04% of polymeric MDI added.”

UV spectrum of the test solution after l4th-day was not
consistent with that of 4,4'-MDA, indicating the existence of
water-soluble reaction products other than 4,4'-MDA (Figure 32).
Water-soluble reaction products other than 4,4'-MDA were also
observed on ODS column under the same elution condition, but the
identification was not difficult because of low concentration of

them (Figure 33).
{

L
1Tho final fraction of polymeric MDI transformed to 4.4 '-MDA in polymerlic MDI added,

FMant]‘ was calculated by the following equation:

rHDA . CHDA / KNDR * v/ 1000 / A * 10O

where C%Dnimqfl}, K V(iml) and A(mg) are the final concentratlion of 4,4 -MDA. the ratic

MDA’

of molecular welghts of 4.4  -MDA and polymerie MDI. the volume of the test solution and

total amount of MDI added. Since CHDn ile less than 0.6mg/l from Flgure 30, KHDR is 0,82,

(molecular weight of polymaric MDI is calculated on the assumption that the content of NCO

In polymeric MDI (s 31.1%)., V (s 300ml and A (s S000mg, rHDh become to be

FﬂDA ¢ 0.6 / 0,02 * 300 / 1000 / S000 * 100 = 0.0043%

.2
Total amount of water-soluble reaction products, Pta:.llngl. and the total fraction of

pelymeris MD! =ransformed =0 wa:sr-soluble reaction products in polymeric MDI added, r:o-
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:01(‘}' were estimated from DOC(mgC/l) of test solution by the following equations:

r = poc / Kc * v / 1000 and

total

r / A * 100

= P
total total

where K . V(ml) and A(mg) are carbon content of polymeric MDI, volume of tent solution and

total amount of polymeric MDI added. respactively. Since Kc 1s 0.735., which Ls calculated

on the assumption that the content of NCO in polymeric MDI {s 31.1%, V [s 100ml, A is

5000 th
00mg and DOC was less an SmgC/l from Figure 31, Ptotll and Ftotll become to be

P:otal ¢« 0.5 / 0.735% * 300 / 1000 = 2.0mg and

-
rto:ll ¢ 2.0 / 5000 100 = 0.04%

3.2.3 Production of water-insoluble reaction products

As MDI disappeared, the toluene-insolublea reaction products
increased. No peak of the toluene extract was detected on ODS
column after 13th-day in the experiments of 13.2 cm? and 18.1 cm?
interfacial area. These results indicate that all of the reaction
products of MDI insoluble to water finally become insoluble to
toluene. In order to examine the nature of the final reaction
products of MDI, GPC profile of the toluene-insoluble reaction
products was analyzed and the solubility to organic solvents of
the final products, which prepared by extending the experiment of
18.1 cm2 interfacial area to 4 weeks as shown 2.2.2(3), were
examined. Figure 34 shows the variation of GPC profile of the
toluene-insoluble substance soluble in LiCl-DMF. The peak shifted
to short retention time with time, indicating that the polymeri-
zation proceeded with time. The final products were insoluble to
usual organic solvents such as chloroform, methanol, acetnitrile.

The fraction of the products soluble in LiCl-DMF was only 0.7%
(Table 4).

Consequently, it is ccncluded that polymeric MDI was trans-




formed to water-soluble substance at less than 0.04% of polymeric
MDI added and the remaining polymeric MDI was transformed to the

substance insoluble to toluene. Only 0.7% of the tolune-insoluble
reaction products was dissolved in DMF containing LiCl and 99.7%
of it is insoluble in both water and usual organic solvent in-

cluding DMF-LiCl.
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Figure 23. Variation in chromatogram of DBA derivative of residu-
al substance in static experiment.
Test conditions: polymeric MDI;5g, Interface area between watcr-

polymeric MDI phases; 5.72 cmz, Temperature; 25°C.
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Figure 24. Residual curves of five constituents of polymeric MDI

in static experiment. The straight line indicate linear regres-
sion curves to zero-order reaction equation.

Test conditions: polymeric MDI; 5g, lInterface area between water-
polymeric MDI phases; 5.72 cmz, Temperature; 25°C,
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Figure 25. Residual curves of five constituents of polymeric MDI

in static experiment in water. The straight line indicate linear
regression curves to zero-order reaction equation.
Test conditions: polymeric MDI:5g, Interface area between water-
polymeric MDI phases; 13.2 cmz, Temperature; 25°C.
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Figure 26. Residual curves of five constituents of polymeric MDI
in static experiment in water. The straight line indicate linear
regression curves to zero-order reaction equation.

Test conditions: polymeric MDI;5g, Interface area between water-

polymeric MDI phases; 18.1 cmz, Temperature; 25°C.
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Figure 27. Comparison of slope of linear regression curves among
five constituents of polymeric MDI (upper) and the relationship

with the interfacial area (bottom) in static experiment.
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Figure 28. Relationships between zero-order disappearance rate

constant (upper), hali-life time (bottom) of five constituents of

polymeric MDI and the interfacial area in static experiment.
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Figure 29. Comparisons of zero-order disappearance rate constant
(upper), half-life time (bottom) among five constituents of

polymeric MDI in static experiment.
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Figure 30. Production curves of MDA in three static experiments

and the relationship between the final concentration of

(upper)
The final concentration of

MDA and the interfacial area (bottom).
MDA is the mean of last three values of the curve.
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Figure 31. Production curves of DOC in three static experiments
(upper) and the relationship between the final concentration of
DOC and the interfacial area (bottom). The final concentration of

DOC is the mean of last three values of the curve.
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Figure 32. Comparison .. UV spectra of test solution after ldidays

in static experiment with that of standard solution of 4,4'-MDA.

Test conditions: polymeric MDI;5g, Interfacial area between

water-polymeric MDI phases; 18.1 cmz, Temperature; 25°C.
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Figure 33. Comparison of chromatograms of test solution after

14 days in static experiment with that of standard solution of
4,4'-MDA. Test conditions: polymeric MDI;5g, Interface area be-
tween water-polymeric MDI phases; 18.1 cmz, Temperature; 25°C.
HPLC condition was the same as that of the analysis of MDA except
detection wavelength (280nm).
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Figure 34. Variation in GPC profile of the toluene-insoluble
reaction products soluble in LiCl-DMF in static experiment.
Test conditions: polymeric MDI;S5g, Interface area between water-

polymeric MDI phases; 13.2 cm?, Temperature; 25°C.
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